Ketamine remains one of the most commonly used anaesthetic agents around the world. Despite it being the anaesthetic agent of choice in many developing nations, there is a paucity of literature describing ketamine in the developing world. In what we believe is the first randomized controlled trial to be performed in Vanuatu (formerly the New Hebrides) we compared the use of ketamine 0.9 mg/kg and diazepam 0.07 mg/kg with ketamine 0.3 mg/kg and 2% lignocaine infiltration in 50 Melanesian women undergoing post partum tubal ligation. All women received 0.5 mg/kg intramuscular pethidine.
Pacific. Its versatility, ease of use and safety record make it ideally suited for locations where skills and resources are limited. Consequently, in many developing nations it is the anaesthetic agent of choice for most procedures. Unfortunately, institutions located within the developing world where, perhaps, the experience with ketamine is the greatest, have written very little about ketamine 1, 2 . What literature has emerged generally mentions the routine use of atropine (which is now less common), and pays little attention to the assessment of time to awakening or postoperative pain.
Post partum tubal ligation is a common operation at Vila Central Hospital. In Vanuatu the population growth rate is 2.8% according to the 1999 census 3 . To assist with family planning initiatives, tubal ligation must be performed with safety and comfort, as this will encourage women to present. Tubal ligation can be performed with local anaesthesia alone, but discomfort from tension on the fallopian tube and abdominal muscle contraction makes this method unsatisfactory for both the patient and the surgeon. Tubal ligation may also be performed under central neuraxis block, but the brevity of the procedure negates the benefit of this approach and the patient is immobile for some time afterwards. Alternatively, general anaesthesia with ketamine and diazepam provides adequate surgical conditions, but a longer recovery time. This delays the return of the mother to her newborn infant.
The aim of this study was to assess whether ketamine 0.3 mg/kg with 2% lignocaine 0.15 ml/kg infiltration provided adequate anaesthesia, more rapid return to self-care and better postoperative analgesia than ketamine 0.9 mg/kg with diazepam 0.07 mg/kg. The latter doses were derived from previous practice at our institution where a typical (70 kg) woman would receive 5 mg of diazepam (5 mg/70 kg, ~0.07 mg/kg), between 50 and 75 mg of ketamine (mean of 62.5 mg/70 kg, ~0.9 mg/kg) made up to a 10 ml injection with normal saline (10 ml/70 kg ~0.15ml/ kg). The dose of 0.3 mg/kg was chosen based on obstetric literature reporting high rates of total amnesia for vaginal delivery 4 .
MATERIALS AND METHODS
Local review committee approval was obtained before commencing this study. Following patient consent, 50 ASA 1 Melanesian women undergoing elective post partum tubal ligation were ballot randomized into two groups. Exclusion criteria were women with a history of abdominal surgery, hypertension during pregnancy or a recent episiotomy; those on analgesics within the last 24 hours or other regular medication, and those more than five days post partum. One surgeon (TS) performed all the procedures, two anaesthetists performed the anaesthetics (RG and JS) and one observer (TL) the postoperative observations. TL is a ni-Vanuatu female nurse practitioner who was specifically chosen to minimize cultural and gender confounders.
Group A received intravenous diazepam 0.07 mg/kg and then ketamine 0.9 mg/kg via a 22 gauge cannula, which was then flushed with water 10 ml. Thirty seconds later the surgeon infiltrated the incision site subcutaneously with saline 0.15 ml/kg. At the same time intramuscular pethidine 0.5 mg/kg was given into the deltoid muscle. Group B received ketamine 0.3 mg/kg followed by a 10 ml flush of water. Thirty seconds later the surgeon infiltrated in a similar fashion 2% lignocaine 0.15 ml/kg and an intramuscular injection of pethidine 0.5 mg/kg was given into the deltoid muscle. All patients received oxygen via a Hudson mask and were monitored using pulse oximetry and non-invasive blood pressure. The procedure involved a small sub-umbilical incision into the peritoneal cavity and digital extraction of the fallopian tubes, which were cut. Patients who clearly verbalized pain or made purposeful movements to indicate pain during the procedure were given a rescue dose of intravenous ketamine 0.15 mg/kg. The patient, the surgeon and the observer were all blinded to the anaesthetic technique. Additional postoperative intramuscular pethidine was given at the discretion of the observer. The operative conditions, as rated by the surgeon, were recorded on a scale 1 to 5 (1 very bad, 2 bad, 3 neither good nor bad, 4 good, 5 very good). The time from the end of the procedure (defined as the last suture cut) to normal speech (defined as a clearly spoken response to the question "What is your name?") and the time until the patient obeyed a motor command ("Lift up your arm") were recorded. Patients were asked to rate their pain using a VAS ruler, (scale 0 to 100 mm) on four separate occasions-when they first obeyed a motor command and at 30 minutes, one hour and four hours postoperatively. At one hour and again four hours postoperatively patients were asked if they had dreamed, and to rate the dream content on a scale 1 to 5 (1 very  unpleasant Our primary observation of interest was the visual analog (VAS) pain score. We considered a difference in score of 20 to be clinically significant. Preliminary work indicated that the standard deviation in pain scores would be approximately 20. For an α value of <0.05 and 80% power we calculated a minimum of 16 patients were required in each group (GraphPad Instat TM Statistical Software Copyright 1990-93, GraphPad Software). To improve the statistical power and allow for drop-outs we elected to recruit 25 patients per group. All results are expressed as mean ±standard deviation and statistical comparisons made using two-tailed Student's t tests. Where the observations are expressed as percentages, these were compared using Fisher's exact test.
RESULTS
Fifty women were enrolled in the study. Four were excluded from group A, three because the procedure required a T-shaped extension of the peritoneal incision and one because she was Polynesian. One was excluded from group B because the procedure required a T-shaped extension of the peritoneal incision. The operative time for group A was 10±3.0 min and for group B was 10±2.0 min. Anaesthesia was satisfactory in all cases. The groups had similar demographics ( Table 2 ). At no other time was there any significant difference. Seven patients (33%) of group A and 12 (50%) of group B were given a single additional intramuscular injection of pethidine (P=NS).
The time to normal speech and the time to obeyed motor command were significantly greater in group A than group B (P=0.03 and P=0.01 respectively, Table  3 ). There was no significant difference between groups for satisfaction with anaesthesia or analgesia or for operative conditions score. There was no significant difference in the rate of infant feeding or the time to infant feeding. Among all who had experienced dreams, recollection of the dream and its content did not change when requestioned at 4 hours postoperatively (Tables 3 and 4 ).
DISCUSSION
In the developing world many hospitals have no recovery room, or if one is available, it may be understaffed, staffed by personnel without training or not staffed at all. Thus an anaesthetic protocol that provides for early self-care of patients, with a very low risk of additional emergence problems, is of benefit. In addition, in this type of environment, once patients leave the operating theatre, pain relief is often poorly managed. Thus a technique that provides some lasting analgesia is of merit. At Vila Central Hospital the recovery area is not reliably staffed and does not have a reliable pulse oximeter. The provision of adequate postoperative analgesia is also complicated by Melanesian culture, where pain is seldom expressed unless extreme. Issues such as these motivated this study.
This blinded study has a number of strengths, including that the patient population was closely defined, it involved a single procedure performed by one surgeon and observations performed by one observer. The results indicate that intravenous ketamine 0.3 mg/kg combined with local anaesthesia is adequate for post partum tubal ligation. Most of the literature describing ketamine as the sole anaesthetic recommends a dose of 1 to 2 mg/kg. We would seldom, if ever, use 2 mg/kg as the initial dose, because it makes no allowance for the expected duration of the procedure and there is no means of retrieving an excessive dose. This recommended dose perhaps encourages those unfamiliar with ketamine to use more than is required. Prior to this study our patients did not routinely receive pethidine. As an initial strategy for changing practice, 0.5 mg/kg of intramuscular pethidine was included in the study protocol. It is unclear as to what represents a minimum dose of ketamine for induction of anaesthesia. Ketamine's dissociative effect and the poor distinction between anaesthesia and sedation/analgesia complicate this matter. Manani et al 5 found that 0.4 mg/kg of ketamine put only 5% of their Italian women patients to sleep. However they do not comment on the degree of amnesia in the remaining 95%. In their study they used counting or answering a question as evidence of being awake. When using ketamine, it can be difficult to distinguish between wakefulness and a dissociative state. Patients often do not close their eyes under ketamine anaesthesia and may make verbal responses, but have no awareness. Stella et al 6 pain and total amnesia for the events following its administration. The stimulus associated with tubal ligation is of substantially shorter duration than that associated with parturition or operative obstetric delivery. Anaesthetic requirements are known to be reduced in the post partum period and we anticipated that the hypnotic dose might be marginally lower. In the presence of local anaesthesia, we judged that 0.3 mg/kg would be adequate and this impression has been supported, with all patients amnesic for the surgery. Only one patient in group B required a rescue dose and this patient had the longest procedure. The patients' consistently high rating of satisfaction with the anaesthesia and the analgesia provides a good functional measure of the adequacy of this dose. For both groups mean VAS pain scores 30 minutes postoperatively were greater than 35. We believe this was indicative of inadequate intraoperative opioid analgesia and wish to investigate whether analgesia can be improved by increasing the intraoperative dose of pethidine. This may, however, result in a compromise between earlier awakening and analgesia. This study also demonstrated better analgesia at one hour postoperatively after low-dose ketamine analgesia combined with lignocaine wound infiltration. It is possible that after the higher dose of ketamine, the early analgesic benefit from local anaesthesia might be masked by residual analgesic effects of the ketamine, which is an NMDA antagonist.
Our results suggest that the rate of dreaming after 0.3 mg/kg ketamine is similar to that after 0.9 mg/kg ketamine combined with 0.07 mg/kg diazepam. The incidence of dreams was in the higher end of the range found in previous studies, which report 10 to 60% depending on the associated premedication and dose [9] [10] [11] . Of those women who had dreams, all but one reported these as neutral or pleasant. A reduction in adverse psychological reactions and acceptance of ketamine may result from positive suggestion preoperatively 9 . It may be that our patient population has a positive expectation and therefore generally interpret their dream content as good. Alternatively, there may be racial or cultural differences, as the rate of unpleasant dreams appears significantly higher in studies involving Caucasian populations 10, 11 .
Anecdotal reports indicate that a generally pleasant dream experience with ketamine is common elsewhere in the Pacific. This experience may also affect the reporting of satisfaction with anaesthesia and analgesia. Satisfaction was high with both techniques used in this study.
Our results are of relevance for a number of reasons. They demonstrate that when combined with local anaesthesia and pethidine, 0.3 mg/kg ketamine will induce an anaesthetic state, which provides good operative conditions for procedures such as post partum tubal ligation. There is no compromise of analgesia or emergence. In addition, as we anticipated, return to full consciousness was more rapid than when higher doses of ketamine are combined with diazepam. The latter is of special significance when ketamine is used in areas where postanaesthesia care facilities are limited.
